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Abstract 
 
The results of laboratory test on the dimensional and shape accuracy of bronze plaster castings CuSn10, CuSn5Zn5Pb5and AlSi11 silumin 
are presented in this paper. The test castings were made in form of rods of length 100mm and diameters 4 mm, 7 mm and 10mm. The 
temperatures of molten alloys were 1120, 1160 and 1200ºC for bronzes and 700, 750 and 800ºC for silumins. Mould temperatures 500 and 
600ºC and 250 and 300ºC respectively. The relative dimension change in given technological conditions by relating to the wax model. 
Analogical researches were made for plate-like CuSn10 bronze castings by calculating the relative dimension change in two perpendicular 
axis. 
Obtained results allowed to state that temperature of cast alloy influences the relative dimensional change, next the mould temperature and 
type of material (CuSn5Zn5Pb5, CuSn10, AlSi11 relatively). The transverse dimension of the mould does not influence the dimensions  
of test castings. 
Temperature of the mould as well as casting temperature do not influence the shape accuracy of the castings. 
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1.  Introduction 
 
Vacuum casting in plaster moulds is one of the most precision 
casting technologies. However this problem finds minor interest 
in  scientific  literature[1,  2,  3].  Short  papers  are  of  general 
character and are dedicated mostly to the dimensional accuracy of 
castings and do not include information on technology and type of 
used materials.  
So it can be assumed that the closest relation for dimensional 
accuracy  of  vacuum  investment  casting  in  plaster  moulds  is 
classic investment casting metod (with use of ceramic moulds). 
Following errors as a result of listed below factors will decise 
about casting’s dimensional accuracy [4]: 
1.  Mould preparation for wax patterns. 
2.  Clearances between parts of moulds as a result of wear. 
3.  Shrinkage of wax patterns. 
4.  Dimensional changes during setting. 
5.  Mould dimensional chan ges during models melting. 
6.  Mould dimensional chan ges during heat treatment. 
7.  Shrinkage of an alloy. 
Factors 1￷3 are out of interests of this paper. Errors caused by 
the others are very difficult to estimate in ready mould. So the 
best  and  the  less  problematic  solution  is  to  assume  the 
dimensional  differences  between  investment  and  the  cast. A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 1 ,   I s s u e   3 / 2 0 1 1 ,   142- 1 4 8   144 
Referring  it  to  the  initial  investment  dimensions  the  relative 
dimensional  change  of  the  cast  under  particular  technological 
conditions. 
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where: 
l0 – investment dimensions, mm, 
l1 – casting dimensions, mm. 
 
Shape  accuracy  can  be  defined  as  a  deviation  of  the  final 
dimension from assumed dimension (linearity, flatness, circularity 
and  cylindrity  errors).  In  case  of  light  section  castings  being 
subject of researches within presented paper, the Basic problem is 
the difficulty in measurement of such investment shape. 
Investments prepared to measure the ability of mould cavity 
fulfillment are in shape of long thin stripes and are often twisted 
[5,  6].  Thin  walled  patterns  of  „rings”  creating  sets  for 
determination of optimum time of knocking-out, lose their shapes 
during  mounting  to  the  support,  moreover  they  cannot  be 
measured  by  classic  contact  methods  because  of  elastic 
deformation even at small pressures. From the viewpoint of above 
considerations the relative dimensional change of the casting can 
be assumed as dimensional accuracy measure. 
 
 
2.  Scope and methodology 
 
The main goal of the researches was to determine the relative 
dimensional  changes  of  test  castings  made  of  CuSn10, 
CuSn5Zn5Pb5  and  AlSi11alloys,  prepared  in  gypsum  moulds 
with use of vacuum in dependence on casting temperature and 
transverse casting dimension. 
 
2.1. Parameters 
 
a)  bronzes CuSn10 and CuSn5Zn5Pb5 
  casting temperature: tzal=1120, 1160, 1200ºC, 
  mould temperature: tf=500, 600ºC, 
  wax pattern dimensions: 
  lenght: l=100 mm, 
  diameter: df= 10, 7, 4 mm 
b)  silumin AlSi11 
  casting temperature: tzal=700, 750, 800ºC, 
  mould temperature: tf=250, 300ºC, 
  wax pattern dimensions: 
  lenght: l=100 mm, 
  diameter: df= 10, 7, 4 mm 
 
 
2.2. Materials 
 
a)  jewellery  plaster-bonded  investment  powder  Gold 
Star XL Hoben of following parameters [7]: 
  water-gypsum  ratio  for  spreading  ø  120  mm  – 
W/G=0,40 
  setting time:           start: twp=16’20” 
                                end:  twk=18’00” 
  bendig strenght after 2 h:     Rg
u=1,2 MPa 
b)  injection  jewellery  (green)  Castaldo  to  form  pattern 
bars ø 4, 7, 10 x 100 mm, 
c)  distilled water, 
d)  bronze CuSn10 of chemical composition: Sn=10,24%, 
Pb=0,537%, Zn=0,345%, Ni=1,64%, Sb=0,122%, 
e)  bronze  CuSn5Pb5Zn5  of  chemical  composition 
Sn=4,66%,  Pb=5,93%,  Zn=5,46%,  Ni=0,988%, 
Fe=0,133%, 
f)  circum-eutectic  silumin  AlSi11  Si=10,89%, 
Fe=0,648%, Mn=0,311%, Mg=0,142%, Zn=0,0488%, 
Ti=0,0509%. 
 
2.3.  Methodology 
 
A.  Mixing the slurry 
 
The  slurry  was  prepared  in  vacuum  mixer  „St.  Louis”  82 
according to following procedure: 
  pouring weighted dry gypsum mix into the mixer chamber, 
  degassing during 120 s, 
  delivery of measured amount of distilled water, 
  mixing under vacuum during 210 s at rates n=150￷350 rpm., 
  pouring the slurry into the tube (inside the vacuum chamber). 
 
B.  Experimental wax pattern 
 
Experimental pattern consisted of 3 wax bars of length 100 
mm and diameters d=10, 7 and 4 mm mounted to common gating 
system (Fig. 1). Face surfaces of bars were cut, evened up and 
polished in special fixture. Edge of face underwent bevelling. 
 
Fig. 1. A pattern for dimensional and shape accuracy determining 
of experimental castings 
 
After completing researches on rod castings ø 10, 7, 4 x 100 
mm the additional tests were performed. The decorative plate cast 
made of CuSn10 bronze was prepared analogically to the rods. A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 1 ,   I s s u e   3 / 2 0 1 1 ,   143- 1 4 8   145 
Patterns and casts were measured in two perpendicular axis x-x 
and y-y (Fig. 2). 
 
 
Fig. 2. Measurements of plate like decorative CuSn10 bronze cast 
 
C.  Experimental mould 
 
  Moulds preparation 
Experimental  moulds  were  prepared  in  heat-resisting  steel 
perforated  cylinders  of  dimensions  ø100x220  according  to 
following procedure: 
  mounting the experimental pattern on the rubber base, 
  mounting the cylinder in the base seat, 
  placing the cylinder with the pattern in the pouring chamber 
of the „St. Louis 82” mixer, 
  pouring, under vacuum, the plaster slurry into the cylinder, 
  removing the mould from the mixer chamber, 
  setting and preliminary drying of the mould under ambient 
conditions during 2 h. 
 
  Heat treatment 
Dried moulds were baked in box-type resistance furnace APE 
800 according to procedure show in Figures 3 and 4. 
 
 
Fig. 3. The scheme of CuSn10 and CuSn5Pb5Zn5 bronzes 
experimental moulds heat treatment  
 
Fig. 4. The scheme of silumin AlSi11 experimental mould heat 
treatment  
 
D.  Experimental castings preparation 
 
Examined  alloys  were  melted  in  Vacuum  Pressure  Casting 
Machine VC 500D Indutherm in argon atmosphere. 
Experimental castings were prepared according to following 
procedure: 
  melting of tested alloy and overheating to temperatures, 
respectively: 
  CuSn10 and CuSn5Zn5Pb5 – 1120, 1160, 1200ºC, 
  AlSi11 – 700, 750, 800ºC  
  removing of hot mould from the furnace  APE 800 and 
placing it in the caster chamber, 
  checking mould temperature in the canal of sprue, 
  closing the chamber and degassing the mould in vacuum 
during 90 s, 
  casting the mould (from bottom-pour stopper crucible in 
argon atmosphere), 
  casting solidification during 120 s,  
  removing the cast mould from the chamber, 
  immersing the mould in water to remove the cast. 
 
 
 
Fig. 5. The examples of experimental bronze and silumin castings 
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3.  Discussion 
 
The test results are presented in Table 1 and in Figures 6, 7 
(for bronzes) and in Table 2 and in Figure 8 (for silumin). On the 
base of obtained results it can be stated that the decisive influence 
on the relative dimensional change of All tested casting Has the 
temperature of cast alloy. The change of the dimension decreases 
with decrement of cast alloy temperature what can be reasoned 
that the alloy of higher temperature heats more the mould what 
causes the mould cavity dimensions increase compensating in this 
way the cast shrinkage. 
The  influence  of  mould  temperature  on  the  dimensional 
change is lower and most obvious in case of bronze CuSn10. 
 
Table 1. 
The relative dimensional changes for experimental CuSn10 and CuSn5Zn5Pb5 bronze castings 
No. 
Casting 
temp. 
Mould 
temp. 
Relative dimensional change w, % 
CuSn10  CuSn5Zn5Pb5 
Sample diameter df, mm  Sample diameter df, mm 
tzal, °C  tf, °C  ø 10  ø 7  ø 4  ø 10  ø 7  ø 4 
1  1120 
600 
0,810  0,810  0,810  0,840  0,836  0,835 
2  1160  0,770  0,768  0,770  0,795  0,795  0,793 
3  1200  0,720  0,720  0,720  0,740  0,740  0,740 
4  1120 
500 
0,761  0,758  0,760  0,800  0,796  0,798 
5  1160  0,723  0,724  0,723  0,760  0,760  0,760 
6  1200  0,680  0,680  0,680  0,710  0,710  0,710 
 
 
Fig. 6. The relative dimensional change of experimental CuSn10 
bronze casting in dependence on casting temperature and mould 
temperature 
 
Fig. 7. The relative dimensional change of experimental 
CuSn5Zn5Pb5 bronze casting in dependence on casting 
temperature and mould temperature 
 
In case of bronzes the influence of mould temperature on the 
dimensional  change  is  higher  at  casting  temperature  tf=1120ºC 
and decreases about 18% (CuSn10) and 25% (CuSn5Zn5Pb5) at 
temperature  tf=1200ºC.  For  silumins  one  can  observe  reverse 
dependence: the influence of mould temperature is lower at lower 
casting  temperature  (tzal=700ºC)  and  about  62%  higher  at 
temperature tzal=800ºC. 
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Table 2. 
The relative dimensional change for AlSi11silumin experimental castings, w, % 
No. 
Casting 
temp. 
Mould 
temp. 
Relative dimensional change w, % 
AlSi11 
Sample diameter df, mm 
tzal °C  tf °C  ø 10  ø 7  ø 4 
1  700 
300 
0,760  0,760  0,760 
2  750  0,715  0,710  0,712 
3  800  0,670  0,663  0,666 
4  700 
250 
0,734  0,735  0,735 
5  750  0,684  0,685  0,683 
6  800  0,628  0,630  0,627 
 
 
Fig. 8. The relative dimensional change of experimental AlSi11 
casting in dependence on casting temperature and mould 
temperature 
 
The  dimension  of  the  experimental  mould  df  show  no 
influence  on  the  relative  dimensional  change  of  experimental 
mould. 
The measurements of patterns and investments of dimensions 
25x25 mm show, that in this case, as in case of bar castings the 
decisive influence on relative dimensional change has the casting 
temperature of the alloy, next the mould temperature (Table 3, 
Fig. 9). 
The shrinkage of bronze in case of these castings is a little bit 
smaller (about 1￷1,5%), what is probably caused by the relief on 
the plate surface. The difference in shrinkage along x-x and y-y 
axis is negligible (0,25%￷0,44%), what proofs a very good shape 
accuracy  of  these  castings.  The  deviation  in  flatness  was  not 
stated. 
The obtained results of dimensional changes of experimental 
castings relate primarily to piece production, characteristic for i.e. 
artistic casting and point, how much the casting dimension differ 
from wax pattern ones. In large lot production of precise casting 
they can indicate how much the investment dimensions should be 
increased to obtain ideal casting. Therefore this is the information 
for mould engineer how to prepare wax patterns. 
Because  of  the  possibility  of  small  differences  occurrence 
between  gypsum  mixtures  and  investment  waxes  in  different 
deliveries the testing of relative dimensional accuracy should be 
done  every  time  at  delivery.  This  procedure  should  assure  the 
production of precision casting in very narrow dimensional. 
 
Table 3. 
The relative dimensional changes for plate like CuSn10 bronze castings  
 
Casting 
temp. 
Mould 
temp. 
Relative dimensional change, w % 
Measurement axis 
l.p.  tzal, °C  tf, °C  x-x  y-y 
1  1120 
600 
0,802  0,800 
2  1160  0,760  0,758 
3  1200  0,710  0,708 
4  1120 
500 
0,750  0,748 
5  1160  0,710  0,707 
6  1200  0,670  0,667 
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Fig. 9. The relative dimensional change of experimental CuSn10 
bronze plate like decorative casting in dependence on casting 
temperature and mould temperature 
 
 
4.  Conclusions 
 
Analysis of the research results allow to formulate following 
conclusions: 
1.  The  greatest  relative  dimensional  change  occurs  for 
CuSn10  bronze  experimental  castings,  next  for 
CuSn5Zn5Pb5 and silumin AlSi11. 
2.  The cast alloy temperature has the greatest influence on 
the  relative  dimensional  change  of  the  experimental 
castings.  
3.  The  mould  temperature  influence  is  most  obvious  in 
case of CuSn10 bronze cast at temperature 1120ºC. 
4.  The  dimension  of  mould  cavity  (diameter  df)  has  no 
influence on dimensional accuracy. 
5.  The mould temperature as well as its cast temperature 
have no influence on dimensional accuracy of the small 
castings. 
6.  In case of symmetrical plate castings the dimensional 
change  measured  in  perpendicular  directions  is 
negligible. 
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